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(54) Method of fabricating semiconductor structures 



(57) A method is provided for fabricating a nitride 
based resonant cavity semiconductor structure with a 
first distributed Bragg reflector (122) on a sapphire sub- 
strate (1 GO), a second substrate (1 28) bonded to the first 
distributed Bragg reflector (122), the sapphire substrate 



(100) removed by laser-assisted epitaxial lift-off, and 
fabricating a second Bragg reflector (142) on the semi- 
conductor structure opposite the first distributed Bragg 
reflector. The nitride based resonant cavity semiconduc- 
tor structure can be a VCSEL, LED or photodetector, or 
a combination of said devices. 
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Description 

[0001] The present invention relates generally to ni- 
tride based semiconductor structures. 
[0002] A planar multi-layered semiconductor struc- 
ture can have one or more active semiconductor layers 
bounded at opposite sides with semiconductor layers 
that form distributed Bragg reflectors. The distributed 
Bragg reflectors at opposite sides of the active semicon- 
ductor layer are fomned from alternating high refractive 
Index and low refractive Index quarter-wavelength thick 
semiconductor or dielectric layers that function as mir- 
rors. The multiple semiconductor layers including the 
active semiconductor layer, between the opposing dis- 
tributed Bragg reflectors, form a resonant cavity for light 
emission or light absorption within the semiconductor 
structure. The active semiconductor layers within the 
resonant cavity will either emit light for a light emitting 
diode (LED) or vertical cavity surface emitting laser (VC- 
SEL) or absorb light for a photodetector (PD). 
[0003] The semiconductor layers on one side of the 
active layer in the structure are doped with impurities so 
as to have an excess of mobile electrons. These layers 
with excess electrons are said to be n-type, i.e. negative. 
The semiconductor layers on the other side of the active 
layer in the structure are doped with impurities so as to 
have a deficiency of mobile electrons, therefore creating 
an excess of positively charged carriers called holes. 
These layers with excess holes are said to be p-type, i. 
e. positive. 

[0004] A foHA/ard biased electrical potential is applied 
through electrodes between the p-stde and the n-side 
of the layered structure, thereby driving either holes or 
electrons or both In a direction perpendicular to the pla- 
nar layers across the p-n junction so as to "inject" them 
Into the active layers, where electrons recombine with 
holes to produce light. A light emitting diode will emit 
light from the resonant cavity through one of the DBRs 
through the upper or lower surface of the semiconductor 
structure. For a laser, optical feedback provided by the 
opposing DBRs allows resonance of some of the emit- 
ted light within the resonant cavity to produce amplified 
stimulated emission of coherent "lasing" through one of 
the DBRs through either the upper surface or the lower 
surface of the semiconductor laser structure. 
[0005] For a photodetector. a reverse biased electri- 
cal potential Is applied through the electrodes between 
the p-side and the n-side of the layered structure. A pho- 
todetector will absorb light in the active layer of the res- 
onant cavity, thereby driving electron/hole pairs from the 
active layer to be collected to form a photocurrent. 
[0006] Nitride based semiconductors, also known as 
group III nitride semiconductors or Group 1 1 l-V semicon- 
ductors, comprise elements selected from group III, 
such as Al, Ga and In , and the group V element N of the 
periodic table. The nitride based semiconductors can be 
binary compounds such as gallium nitride (GaN), as well 
as ternary alloys of aluminum gallium nitride (AIGaN] or 
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Indium aluminum nitride (InGaN), and quarternary al- 
loys such as aluminum gallium Indium nitride (AIGaInN). 
These materials are deposited on substrates to produce 
layered semiconductor structures usable as light emit- 

5 ters for optoelectronic device applications. Nitride based 
semiconductors have the wide bandgap necessary for 
short-wavelength visible light emission In the green to 
blue to violet to the ultraviolet spectrum. 
[0007] In many applications, the conventional sub- 

10 strate material for semiconductor structures would be 
silicon or gallium arsenide. However, the GaN crystal 
structure, combined with the high GaN growth temper- 
atures, make deposition of high-quality nitride semicon- 
ductor material directly onto semiconductor substrates 

15 such as Si or GaAs very difficult. 

[0008] Nitride based semiconductor structures cur- 
rently require heteroepltaxlal growth of GaN thin layers 
onto dissimilar substrates such as sapphire or silicon 
cahside. 

20 [0009] The most commonly used growth substrate, 

sapphire, still imposes constraints on the GaN layer 
quality due to the lattice and themnal-expanslon coeffi- 
cient mismatch between the GaN and the sapphire. The 
disparate properties of these two materials result in a 
25 high density of extended defects, such as dislocations 
and stacking faults, at the GaN thin layer/sapphire sub- 
strate interface. 

[0010] Many substrate separation techniques are 
available including wet-chemical etching, chemical-me- 

30 chanical polishing or laser-assisted lift-off. Wet-chemi- 
cal etching and chemical-mechanical polishing are in- 
herently slow processes that require high selectivity in 
materials in order to remove the original growth sub- 
strate. Laser assisted lift-off processes have several ad- 

35 vantages over the chemically assisted methods for the 
GaN thin film/sapphire substrate system. The laser 
processing Is optically selective, possesses spatial con- 
trol and is a relatively fast lift-off technique. 
[0011] In order for the substrate separation technique 

40 to be successfully implemented, the technique itself 
must not degrade the quality of the GaN layer being 
processed. The laser process Introduces a thennoelas- 
tlc stress to the GaN layer, due to the rapid heating and 
cooling during the pulsed Irradiation, that may fracture 

45 the GaN layer. Thin film fracture may arise from micro- 
cracks within the biaxially stressed GaN or from a ther- 
mal shock initiating microcrack propagation through the 
GaN layer. 

[0012] An inherent problem when depositing thick 
50 GaN layers heteroepitixally ontosapphlreorGaAs is the 
intrinsic stress, compressive for sapphire and tensile for 
GaAs, regardless of the substrate separation technique, 
due to the thennal coefficient mismatch between the 
GaN film and the substrates. 
55 [0013] The success of the growth substrate removal 
to create a GaN substrate Is dictated. In part, by the qual- 
ity of the as-grown GaN layer. Due to complications re- 
lated to heteroepitaxy, thickGaN layers, like those need- 
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ed for a substrate, generally possess microcracks that 
can propagate and multiply during the laser lift-off proc- 
ess. The connbination of the intrinsic residual stress and 
the thermoelastic stress of the laser processing gives 
rise to crack propagation across the entire GaN wafer 
area. The crack propagation would lead to uncontrolled 
catastrophic mechanical failure of the GaN or, at least, 
ill-defined low-quality GaN substrates. 
[0014] Another problem specific to fabricating GaN 
VCSELs is the difficulty in growing the highly reflective 
AIGaN-based distributed Bragg reflectors (DBRs) need- 
ed for stimulated emission of coherent light of VCSELs, 
where the minimum aluminum content for the AIGaN 
layers in the DBRs is limited by self absorption of the 
light and the maximum aluminum content is limited by 
lattice matching constraints. 

[0015] Similar problems plague the long wavelength 
indium phosphide VCSELs but the problem In phos- 
phide based laser structures can be solved by etching 
a hole through the substrate and evaporating dielectric 
materials to form the DBR. Unfortunately, the usual sub- 
strate for nitride based structures, i.e. sapphire, is diffi- 
cult to dry or wet etch, so that this back-etch procedure 
is not available to the fabrication of the nitride based la- 
ser structure. 

[0016] The present invention provides distributed 
Bragg reflectors (DBRs) on both sides of the nitride 
based resonant cavity semiconductor structure. 
[0017] In accordance with the present invention, a 
method for making a nitride based resonant cavity sem- 
iconductor structure comprises: 

depositing a laser absorption layer on a transparent 
substrate; 

depositing a plurality of lll-V nitride semiconductor 
layers on said laser absorption layer, said plurality 
of lll-V nitride semiconductor layers forming a res- 
onant cavity, at least one of said plurality of lll-V ni- 
tride semiconductor layers forms an active region; 
depositing a first distributed Bragg reflector on said 
plurality of lll-V nitride semiconductor layers; 
attach ing a support substrate to said first distributed 
Bragg reflector; 

removing said transparent substrate and said laser 
absorption layer from said plurality of lll-V nitride 
semiconductor layers; 

depositing a second distributed Bragg reflector on 
said plurality of lll-V nitride semiconductor layers, 
opposite said first distributed Bragg reflector; 
etching said plurality of lll-V nitride semiconductor 
layers to expose two contact layers; and 
forming electrodes on said two contact layers to bi- 
as said active region. 

[001 8] Typically, the transparent substrate is removed 
by laser-assisted epitaxial lift-off. The nitride based res- 
onant cavity semiconductor structure can be a VCSEL, 
LED or photodetector, or a combination of said devices. 
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[0019] An example of a method according to the 
present invention will now be described with reference 
to the accompanying drawings, in which:- 

5 Figure 1 is a side view of a nitride based resonant 
cavity semiconductor structure with a first distribut- 
ed Bragg reflector on a sapphire substrate in ac- 
cordance with a first embodiment of the present in- 
vention; 

10 Figure 2 is a side view of the laser lift-off process 
for removing the sapphire substrate from the nitride 
based resonant cavity semico nductor structu re with 
a first distributed Bragg reflector of Figure 1 ; and 
Figure 3 Is a side view of the inverted nitride based 

15 resonant cavity semiconductor structure of Figure 
1 with a second distributed Bragg reflector. 

[0020] Reference is now made to the Figures, where- 
in there is illustrated a nitride based resonant cavity 

20 semiconductor structure with distributed Bragg reflec- 
tors (DBRs) on opposite sides of an active layer. The 
nitride based resonant cavity semiconductor structure 
can be a vertical cavity surface emitting laser (VCSEL), 
a light emitting diode (LED), or a photodetector (PD), or 

25 a combination of these devices. Gallium nitride semi- 
conductor layers are grown on a sapphire substrate by 
techniques such as organometalllc vapor phase epitaxy 
("OMVPE") or hydride vapor phase epitaxy ("HVPE") as 
is well-known in the art. 

30 [0021] In Figure 1, OMVPE growth is typically per- 
formed on a sapphire substrate 100. The substrate 100 
can be a C-face (0001) or A-face (1120) oriented sap- 
phire (AI2O3) substrate. The sapphire substrate 100 is 
of standard specifications including an epitaxial polish 

35 on one or both sides and a typical thickness ranging on 
the order of 200 im to 1 000 im. 
[0022] A gallium nitride nucleation layer 102 is first 
grown on the sapphire substrate 100. A gallium nitride 
layer 104 is then grown on the nucleation layer 102. 

40 [0023] The substrate temperatures during growth are 
typically 550 degrees C for the approximately 200 Ang- 
strom thin GaN nucleation layer 102 and 1000 degrees 
C to 1200 degrees C for the GaN layer 104. The depo- 
sition rates are typically in the order of 1 im/hour to 20 

45 im/hour. The thick GaN layer 104 has typically a depth 
ranging between 60 im to 300 im. In addition, the reactor 
pressure may be controlled between 50 Torr and 1500 
Tom As organometalllc precursors, TMGa (trimethylgal- 
lium) orTEGa (triethylgallium)can be used forthe group 

50 III elements and NH3 (ammonia) can be used as the ni- 
trogen source. Hydrogen and/or nitrogen are used as 
carrier gas for the metalorganic sources. 
[0024] Another deposition technique for the growth of 
a thick GaN layer well known In the art is HVPE. HVPE 

55 growth is also typically performed on a sapphire sub- 
strate. The substrate 100 can be a C-face (0001) or A- 
face (1120) oriented sapphire (AI2O3) substrate. How- 
ever, other substrate orientations may also be used. The 
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substrate temperatures during growth are typically 500 
to 600 degrees C for the thin GaN nucleation layer 1 02 
and 1000 degreesCto 1200 degrees Cforthethick GaN 
layer 1 04. The deposition rates are typically in the order 
of 10 im/hour up to several 100 im/hour. GaCI is used 
as group III element source, which is produced by flow- 
ing HCI gas over liquid gallium. NH3 (ammonia) is used 
as the nitrogen source. Hydrogen and/or nitrogen are 
used as carrier gases. 

[0025] In principle, other deposition methods like mo- 
lecular beam epitaxy ("MBE") could be used, although 
the relatively small deposition rates of MBE would make 
it difficult to grow thick GaN layers. One can also use a 
combination of the above mentioned deposition tech- 
niques. For example OMVPE could be used to grow a 
high quality GaN nucleation layer 102 with a depth of 
approximately 1-2 im and HVPE can be used subse- 
quently to grow the very thick GaN layer 104 on top of 
the nucleation layer 102. 

[0026] A laser absorption InGaN layer 106 is then 
grown on the GaN buffer layer 1 04. The sacrificial layer 
106 typically has a thickness of between 1500 ang- 
stroms and 4000 angstroms. 
[0027] A lll-V nitride contact layer 108 is fomied on 
the laser absorption layer 1 06. The lll-V nitride layer 1 08 
is an n-type GaN:Si layer acting as a lateral n-contact 
and current spreading layer. The contact and cun^ent 
spreading layer 108 typically has a thickness of from 
about 1 ^im to about 20 ^m. 

[0028] A lll-V nitride cladding layer 1 1 0 is fomied over 
the contact layer 108. The lll-V nitride layer 110 is an n- 
type AIGaN:SI cladding layer. The cladding layer 110 
typically has a thickness of from about 0.2 \im to about 
2 ^im. 

[0029] On top of the lll-V nitride cladding layer 110, a 
lll-V nitride waveguide layer 112 is fomned followed by 
the lll-V nitride quantum well active region 114. The n- 
type GaN:Si waveguide layer 112 typically has a thick- 
ness of from about 50 nmto about 200 nm. The quantum 
well active region 1 1 4 is comprised of at least one InGaN 
quantum well. For multiple-quantum well active regions, 
the individual quantum wells typically have a thickness 
of from about 1 0 A to about 1 00 A and are separated by 
InGaN orGaN barrier layers which have typically a thick- 
ness of from about 1 0 A to about 200 A. 
[0030] A lll-V nitride waveguide layer 116 is formed 
over the quantum well active region 114. The p-type 
GaN:Mg layer 1 1 6 serves as a waveguide layer and has 
a thickness of from about 50 nm to about 200 nm. 
[0031 ] A lll-V nitride cladding layer 1 1 8 is fomied over 
the waveguide layer 116. The p-type AIGaNiMg layer 
1 1 8 serves as a cladding and current confinement layer. 
The lll-V nitride cladding layer 1 1 8 typically has a thick- 
ness of from about 0.2 nm to about 1 \im. 
[0032] A 1 1 1-V nitride contact layer 1 20 is formed over 
the cladding layer 118. The p-type GaN:Mg layer 120 
fomris a p-contact layer for the minimum-resistance met- 
al electrode to contact the p-side of the laser heter- 



ostructure 100. The lll-V nitride contact layer 120 typi- 
cally has a thickness of from about 1 0 nm to 200 nm. 
[0033] A first distributed Bragg reflector 1 22 is formed 
over the p-contact layer 120. The first distributed Bragg 

5 reflector 122 has six pairs of quarter-wavelength thick 
alternating silicon dioxide (Si02) and tantalum pentox- 
ide (Ta205) dielectric layers. Altematety, the DBR can 
have alternating layers of Si02/Ti02 or GaN/AIGaN or 
alternating layers of AIGaN with different aluminum con- 

10 tent. Also, the DBR can have more or less than six pairs 
of alternating layers, If higher reflectivity is desired. 
However, fewer number of pairs may be desired in the 
case of photodetectors in order to enhance light extrac- 
tion. 

15 [0034] A gold over layer 124 is formed over the first 
distributed Bragg reflector 122. The gold overlayer 124 
has a typical thickness of 20 to 200 nm. 
[0035] The upper surface 126 of the gold overlayer 
124 is bonded to a silicon (Si) substrate 128 using an 

20 adhesive bond 130. The adhesive 124 may be a cy- 
anoacrylate-based glue. The support substrate could al- 
ternatively be gallium arsenide (GaAs), copper or any 
rigid material. The adhesive could alternately be a thin 
film adhesive, spin-on glass, or any appropriate solder. 

25 The use of copper or other metals as the support sub- 
strate 128 bonded to the gold layer 124 provides good 
thennal conductivity. 

[0036] The lower surface 132 of the sapphire sub- 
strate 1 00 is polished to a very smooth surface finish to 

30 minimize light scattering. Polishing is accomplished me- 
chanically using a succession of diamond pads (not 
shown). During the polishing procedure, the diamond 
grit size is gradually reduced from a grit size of about 30 
im down to a grit size of 0. 1 im. Typical root mean square 

35 (rms) roughness after polishing is about 20-50 Ang- 
strom. Polishing may be done before bonding to the sup- 
port substrate. 

[0037] As shown in Figure 2, an ultraviolet excimer la- 
ser 134 then emits a laser beam 136 which is transmit- 
ter ted through the sapphire substrate 1 00 to the interface 
1 38 between the GaN buffer layer 1 04 and the laser ab- 
sorption InGaN layer 106. Sapphire and gallium nitride 
are transparent to thewavelength of the light beam emit- 
ted by the laser. Proper adjustment of the excimer laser 
45 allows decomposition of the thin laser absorption InGaN 
layer 106 at the interface 138 between the GaN buffer 
layer 104 and the sacrificial InGaN layer 106. 
[0038] The InGaN layer 1 06 is decomposed into indi- 
um and gallium metal and gaseous nitrogen by the ra- 
50 dlation from the laser beam through the sapphire sub- 
strate and the gallium nitride layer. The InGaN layer 1 06 
is a laser absorption layer with the wavelength of the 
light beam 136 matching the decomposition of the indi- 
um. 

55 [0039] A homogenizer (not shown) converts the 
Gaussian-profile beam emitted by the laser to a flat pla- 
teau-like laser beam which provides improved beam 
uniformity. 
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[0040] A larger surface area of the laser absorption 

InGaN layer may be exposed by scanning the laser 
beam across the interface surface rather than providing 
a stationary beam. The excimer laser is typically pulsed 
in the range of 5-10 Hz with one pulse typically being 
sufficient to achieve decomposition of the GaN layer. 
The polished lower surface 132 of the sapphire sub- 
strate 1 00 allows uniform excimer laser exposure of the 
InGaN layer 106. 

[0041 ] After separation of the sapphire substrate 1 00 
and the gallium nitride layers 102 and 104 from the ni- 
tride based resonant cavity semiconductors structure 
1 40, any residual indium or gallium metal on the surface 
1 42 of the GaN contact layer 1 08 is removed with a hy- 
drochloric acid (HCL) and water solution dip (HCL:H20 
= 1:1). 

[0042] The sapphire substrate 100 is reusable for 

subsequent fabrication of nitride based semiconductor 
structures. The substrate 100 need not be sapphire but 
can be any optically transparent material which is trans- 
missive to the wavelength of the light beam 136 from 
the laser 134 and suitable for growth of GaN layers on 
its surface. 

[0043] As shown in Figures, the semiconductor struc- 
ture 140 is then Inverted with the silicon (Si) substrate 
1 28 and the p-doped layers down and the n-contact lay- 
er 108 on top of the inverted laser structure. 
[0044] Dry-etching using CAIBE (chemical assisted 
ion beam etching) or RIE (reactive ion beam etching) in 
an Ar/cySCl^ gas mixture is used to etch the semicon- 
ductor structure 140 through the n-contact layer 108, the 
n-cladding layer 110, the n-waveguide layer 112, the In- 
GaN active region 114, the p-waveguide layer 116, the 
p-cladding layer 118 down to expose the GaN:Mg cur- 
rent-spreading and p-contact layer 120. 
[0045] A second distributed Bragg reflector 142 is 
fornied over the central portion of the n-contact layer 
108. The second distributed Bragg reflector 142 has six 
pairs of quarter-wavelength thick alternating silicon di- 
oxide (Si02) and tantalum pentoxide (Ta205) dielectric 
layers. Alternately, the DBR can have alternating layers 
of Si02/Ti02 or GaN/AIGaN or alternating layers of Al- 
GaN with different aluminum content. Also, the DBR can 
have more or less than six pairs of alternating layers, 
depending upon the specific device. 
[0046] A p-type Ni/Au electrode 1 44 is formed on the 
etched, exposed p-current-spreading layer 120 of the 
semiconductor structure 140, which is functioning as a 
lateral contact layer. 

[0047] An n-type Ti/AI electrode 1 46 is fomned on the 
exposed n-contact layer 1 1 8 of the semiconductor struc- 
ture 140, surrounding the second DBR 142. 
[0048] The resonant cavity 1 48 of the semiconductor 
structure 1 40 between the first DBR 1 22 and the second 
DBR 1 42 consists of the n-contact layer 1 08, the n-clad- 
ding layer 110, the n-waveguide layer 112, the InGaN 
active region 114, the p-waveguide layer 116, the p- 
cladding layer 118, and the p-contact layer 120. 



[0049] The nitride based resonant cavity semiconduc- 
tor structure 140 can be either a vertical cavity surface 
emitting laser (VCSEL), a light emitting diode (LED, or 
aphotodetector(PD), or a combination of these devices. 

5 [0050] If the semiconductor stmcture 1 40 is a VCSEL, 
then the first DBR 122 and the second DBR 142 are 
highly reflective by increasing the number of high refrac- 
tive Index/low refractive index semiconductor or dielec- 
tric layer pairs and/or increasing the difference between 

10 the high refractive index and low refractive Index. A for- 
ward biased electrical potential Is applied between the 
p-electrode 144 and the n-electrode 146 causing emis- 
sion of light from the active region 1 1 4 which is amplified 
in the resonant cavity 148 by continuous reflection be- 

15 tween the two DBRs 122 and 142 before emission of 
coherent light 150 through the second DBR 142 of the 
VCSEL structure 140. 

[0051] If the semiconductor structure 140 is a LED, 
then the second DBR 142 is less reflective than those 

20 of a VCSEL by decreasing number of high refractive in- 
dex/low refractive Index dielectric or semiconductor lay- 
er pairs and/or decreasing the difference between the 
high refractive index and low refractive index. A forward 
biased electrical potential is applied between the p-elec- 

25 trode 144 and the n-electrode 146 causing emission of 
light 1 50 from the active region 1 1 4 in the resonant cav- 
ity 148 through the second DBR 142 of the LED struc- 
ture 140. 

[0052] If the semiconductor structure 140 is a photo- 

30 detector, then the second DBR 1 42 is less reflective than 
those of a VCSEL by decreasing number of high refrac- 
tive index/low refractive index dielectric or semiconduc- 
tor layer pairs and/or decreasing the difference between 
the high refractive Index and low refractive Index. 

35 [0053] A reverse biased electrical potential is applied 
between the p-electrode 144 and the n-electrode 146 
causing absorption of light 150 in the active region 114 
in the resonant cavity 1 48 through the second DBR 1 42 
of the LED structure 140. The absorption will produce a 

40 photocunrent. 

[0054] Alternately, the nitride based resonant cavity 
semiconductor structure can be fabricated with the p- 
doped semiconductor layers up by removing the epitax- 
ial layer host layer after forming the second DBR, then 

45 transfer to a support substrate. The laser assisted epi- 
taxial lift-off of the sapphire substrate and then the in- 
version of the semiconductor structure will form the 
more traditional n-side down, p-slde up semiconductor 
structure. Alternatively, a gold thin layer can be depos- 

50 ited on the second DBR and a thick metal, such as cop- 
per, can be plated to form the support substrate. 
[0055] The nitride based resonant cavity semiconduc- 
tor structure can emit light from the VCSEL or LED or 
absorb light from the photodetector If the substrate is 

55 transparent to the wavelength of light emitted or ab- 
sorbed and the lower DBR has less reflectivity than the 
upper DBR. 

[0056] The use of laser-assisted epitaxial lift-off of the 
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first sapphire substrate allows access to the backside of 5. 
nitride based semiconductor layers for the fabrication of 
distributed Bragg reflectors on both sides of the nitride 
based resonant cavity semiconductor structure. 



Claims 

1 . A method for making a nitride based resonant cavity 
semiconductor structure comprising the steps of: io 

depositing a laser absorption layer (106) on a 
transparent substrate (100); 

depositing a plurality of lll-V nitride semicon- 7. 
ductor layers (110-120) on said laser absorp- ^5 
tion layer (106), said plurality of lll-V nitride 
semiconductor layers fomning a resonant cavi- 
ty, at least one of said plurality of lll-V nitride 
semiconductor layers fomns an active region; 
depositing a first distributed Bragg reflector 20 
(122) on said plurality of lll-V nitride semicon- 
ductor layers; 8. 
attaching a support substrate (1 28) to said first 
distributed Bragg reflector (122); 
removing said transparent substrate (1 00) and 25 
said laser absorption layer (106) from said plu- 
rality of lll-V nitride semiconductor layers; 
depositing a second distributed Bragg reflector 
(142) on said plurality of lll-V nitride semlcon- 9, 
ductor layers, opposite said first distributed 30 
Bragg reflector (122); 

etching said plurality of lll-V nitride semicon- 
ductor layers to expose two contact layers; and 
fonning electrodes (144, 146) on said two con- 
tact layers to bias said active region. 35 

2. The method for making a nitride based resonant 
cavity semiconductor structure of Claim 1 wherein 
the step of removing said transparent substrate 
(1 00) and said laser absorption layer (1 06) includes 
exposing said laser absorption layer to laser light 
which dissolves said laser absorption layer. 

3. The method for making a nitride based resonant 
cavity semiconductor structure of claim 1 or claim 2 ^5 
wherein said transparent substrate (100) is sap- 
phire and said laser absorption layer (106) is indium 
gallium nitride. 



The method for making a nitride based resonant 

cavity semiconductor structure of any of the preced- 
ing claims wherein said support substrate is silicon 
or copper. 

A method of operating a nitride based resonant cav- 
ity semiconductor structure made according to any 
of the preceding claims as a vertical cavity surface 
emitting laser, wherein a sufficient forward bias is 
applied to said active region to cause lasing from 
said resonant cavity through a surface of said sem- 
iconductor laser structure. 

A method of operating a nitride based resonant cav- 
ity semiconductor structure made according to any 
of the preceding claims as a light emitting diode, 
wherein a sufficient fon/vard bias Is applied to said 
active region to cause light emission from said res- 
onant cavity through a surface of said semiconduc- 
tor laser structure. 

A method of operating a nitride based resonant cav- 
ity semiconductor structure made according to any 
of the preceding claims as a photodetector wherein 
a sufficient reverse bias is applied to said active re- 
gion to cause light absorption from said resonant 
cavity. 

The method for making a nitride based resonant 
cavity semiconductor structure of any of claims 1 to 
5 wherein a plurality of resonant cavities are 
formed, said plurality of resonant cavities being at 
least two of a vertical cavity surface emitting laser, 
a light emitting diode and a photodetector. 



4. The method for making a nitride based resonant so 
cavity semiconductor structure of claim 3 further 
comprising the steps of: 

depositing a gallium nitride layer (104) on said 
sapphire substrate (106), and 55 
depositing said indium gallium nitride layer 
(106) on said gallium nitride layer (104). 
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